Soil-based septic systems serve about one in every four households in the United States. Proper design and quality of soil play an important role in the functioning of such systems. Shallow soils in the state of Ohio do not support traditional leach field systems that require a depth of 3 to 4 feet of soil for effective treatment of domestic wastewater. Installation of such systems in areas with shallow or saturated soils leads to incomplete treatment of organic and bacterial pollutants. Untreated or partially treated wastewater not only affects the immediate residents, but also contaminates the groundwater aquifer and the local watershed. Drinking contaminated water could lead to illness and a subsequent decrease in the quality of life, and a loss of property valuation. This study aims to isolate the effect of poor site selection on the value of the property. The assessed sale price of 549 randomly selected properties in Licking County, Ohio was analyzed and compared across various structural, community and environmental factors. Results indicate that properties sited on soils that are deemed optimal for wastewater treatment are valued, on average, $15,752 higher than those sited on sub-optimal soils. The results from this study would not only help the property owners in making better private decisions regarding installation of septic systems, but would also guide policy decisions that affect public health and common waters.
Introduction
Early settlement in the U.S. occurred along the banks of rivers or near the seashore (e.g., Chicago, New York and Philadelphia), where human and animal waste was discharged directly into the water body. By the 1850s, cesspools or holding tanks located outside the residence were used to contain waste. Because of the need to frequently empty the holding tank, maintenance was quite expensive and over time, most of the contained waste was slowly discharged to a nearby stream. By the 1880s, cities like Baltimore were facing large-scale public health problems due to the indiscriminate discharge of pollutants [1] . By the end of the century, strict regulations on the use of cesspools limited propagation of the practice, and waste was discharged through open gutters. It was only later in the 20th century that urban areas were connected to closed sewer pipes and rural areas started using septic systems.
Regulations governing the installation and use of septic systems in Ohio were written in the Ohio Administrative Code in the year 1977 [2] . In spite of the new technologies developed during the last 30 years, the Ohio Administrative Code has not been modified to reflect the availability of superior treatment techniques and the knowledge gained about public health risks from siting septic systems in unsuitable soils. This study aims to identify the relationship between the quality of soil used to site the septic system and the market value of a residential property. The results from the study will not only enable residents make better private decisions regarding installation of septic systems, but also guide policy decisions affecting wastewater management and public health in rural areas.
Septic systems
Soil-based septic systems serve between 20-25% of the households in the United States [3, 4] . Soil standards developed at The Ohio State University suggest a minimum depth of 4 ft of deep, permeable soil to obtain complete removal of pollutants. In a well-functioning septic system, 4 ft of soil can remove the following pollutants: suspended solids, organic matter, bacteria, ammonia and viruses [5] . However, only 6.4% of the soils in Ohio are deeper than 4 ft and suited for traditional leach field systems. Advanced systems such as mound, media filter, aerobic lagoons, etc. augment the treatment capabilities of natural soils, such that only 2 ft of soil or less is needed to achieve complete removal of the pollutants. However, high cost of installation and maintenance of these advanced systems, along with lack of strict standards in Ohio counties [2] have made leach field systems the default choice in an overwhelming majority of Ohio households. The Ohio Department of Health notes that Ohio has the oldest sewage rules in the United States. Several alternative technologies have been developed and improved in the last 30 years, starting with the mound system developed by Converse [6] at the University of Wisconsin in 1978 for installation in areas with shallow soil depths. Also called the Wisconsin mound for its place of origin, this technique used a layer of sand placed above natural soil to augment its treatment capacity.
In 2007, The Ohio Department of Health was directed by the Ohio legislature to prepare a comprehensive analysis on the types of alternative waste treatment systems, and their costs and economic factors. Information on permits for treatment systems installed between July 1, 2007 and May 1, 2008 revealed that new household systems accounted for 65% of all systems installed, while replacement and alterations were 21% and 13% of the total, respectively. Additionally, 67% of all systems installed were septic systems with traditional leach lines, 14% were mound systems, 3% were drip irrigation systems, 6% were NPDES-approved discharging systems (replacements of existing discharging systems), while the remaining 6% were other systems or systems with no information. The average estimated cost of installing these systems are as follows: $7,250 for septic systems with leach fields, $14,150 for mound systems and $19,750 for drip irrigation systems [7] .
Failure and its impact
Approximately 25% of Ohio's households are served by some type of sewage system located on the property, with an estimated one million systems in use today. Seasonal saturation in the soils and the presence of bedrock represent conditions that do not allow for the treatment of wastewater necessary to keep communities safe [7] . The number of replacement and alteration systems constitutes 34% of the total installed systems during the period July 1, 2007 through May 1, 2008 . This number matches the statewide failure rate of septic systems reported in earlier studies: 27% [8, 9] , 13-20% [10] , and 20-25% [11] . The failure of septic systems has been attributed to various reasons, primary among them being inadequate soil quality, under-design, age of the system [12, 13] , and failure to remove excess sludge from the septic tank [13] .
Installation of leach field systems in shallow and saturated soils leads to incomplete treatment and discharge of pollutants. The resulting effects could be contamination of ground and surface water with microorganisms, surfacing effluents and odors. Untreated waste discharged to shallow soils travels vertically through the unsaturated zone and contaminates ground water. Once in ground water, bacteria and viruses are transported to long distances in a short period of time [14] . Partially treated wastewater discharged into saturated soils can lead to run-off of nutrients such as phosphorus into nearby lakes and streams. Consumption of contaminated ground water; or contact with contaminated soil or run-off water presents potential health risks for humans, pets and wildlife [15] .
Various studies have shown contamination of ground water from malfunctioning septic systems. Arnade [16] tested drinking water for fecal coliforms, nitrates and phosphates from residential wells in Palm Bay, Florida and found that samples collected during the wet season contained significantly higher concentrations of microbial and inorganic pollutants compared with samples collected in the dry season. A statistically strong correlation was also established between decreasing distance between wells and septic tanks and increasing pollutant concentration in the drinking water. DeBorde et al. [17] in both septic tank effluents and the underlying ground water in a test conducted at a high school located in western Montana. Yates [18] reviewed several studies that identified correlation between density of septic systems and contamination of ground water, a result that was corroborated by Borchardt et al. [19] . Yates [18] reviewed several studies that document outbreaks of Hepatitis A, typhoid and gastroenteritis traced to contamination of groundwater from septic tank effluent. Septic systems density was also associated with endemic diarrheal illness in children [19] . The massive gastrointestinal outbreak in South Bass Island, Ohio in 2004 was traced to the contamination of groundwater through septic tanks and other wastewater treatment facilities [20] .
Private costs
Large-scale system failures may result in enforcement action from the Environmental Protection Agency. Records from Ohio EPA show that during the period 1986-2007, over 240 communities were under enforcement or had been identified as having significant impacts from failing systems [7] . However, the costs of failing systems are difficult to measure, especially at the individual level. Other than the negative health effects and the resulting cost of illness leading to a decrease in the quality of life, an individual may also encounter higher maintenance and repair costs in case of poorly designed systems, and a loss of property valuation. This study aims to isolate the effect of poor site selection and design on the value of the property. The authors are aware of no similar study undertaken so far. Hence, as much as these results cannot be benchmarked against previous studies, this study opens up new ways of improving the quality of wastewater treatment in rural communities.
Methods
This study was conducted in Licking County, Ohio (see Figure 1) . In 2007, the Licking County Health Department conducted a survey of households using onsite treatment systems and collected key information. The LCHD randomly selected 800 households out of the approximately 15,000 households using onsite systems in the county. The survey contained information such as the parcel code of the property lot, the type of soil, the presence of curtain drains, GPS readings of the onsite systems, and visual observations of the treatment system and its surroundings. Of the 800 households, 616 households used soil-based septic systems, while 184 households used aerator treatment systems. Since the aerator systems utilize mechanical equipments, their performance is not affected by the quality of soil. Hence these households were not included in this study. Households that did not contain information on the type of soil or could not be located on the county auditor's records were removed from the study, and so were households categorized as agricultural properties by the county auditor. The remaining 549 residential properties were analyzed further as part of the study. Although, the effective sample size reduced from 800 to 549 households, the sample is statistically representative of all the households in the county using septic systems with 2% sampling error at the 95% confidence level. Mancl and Slater [21] categorized the soils found in Ohio in four categories, depending on their ability to remove pollutants such as suspended solids, ammonia, organic matter, bacteria and viruses from domestic wastewater. Based on the depth of these soils between the bottom of a sewage leaching trench and a limiting condition, they are:
1. soils up to 4 ft deep, suited for leach fields, 2. soils up to 2 ft deep, suited for mound systems, 3. soils up to 1 ft deep, suited for irrigation of treated wastewater, and 4. soils less than 1 ft deep, not suited for onsite systems. The following table shows the distribution of these soils across Ohio, in Licking County and in the sample selected for the study.
As seen in Table 1 , Licking County has higher percentages of soils suited for leach fields and mound systems than the average soils in Ohio. Assuming the survey sample to be representative of Licking County, a significantly higher proportion of residents purchased or built houses in soils suited for either leach fields or mound systems as compared to the average percentage of soils found in the county. Apart from the soil type, the survey collected information on whether the septic system also included a curtain drain; an artificially drained septic system that lowers the water table and carries the waste stream away from the property. The parcel code of the properties were entered in the online property management database of Licking County and specific information on each property such as size of the lot, age of the property, number of bedrooms and baths, etc. were obtained, along with the assessed sale price of each property on January 1, 2008. Licking County has 26 townships, of which 20 are zoned. The zoning status of the township was included in the model, as was the quality of the school districts in the county. Licking County has 11 school districts, including one that is primarily based in the neighboring Knox County. The Ohio Department of Education issues an annual report card, where school districts across the state are measured on various parameters including a 'Performance Index Score', which is the weighted average of the school districts' assessment results across all tested grades and all subjects. The 'Performance Index Score', being a composite score, was thought to be a good predictor of the quality of the school district and was used in the model. Additional information such as distance to nearby urban centers like the state capital Columbus (Franklin County) and Newark (county seat and the largest city in Licking County), and recreational sites such as Buckeye Lake was calculated using the ArcGIS software and added to the model to account for property valuations influenced by proximity to these locations.
Hedonic price method
Environmental economists have used non-market valuation techniques to identify the benefits of environmental attributes that do not have a market value of their own, such as air and water quality [22] . One of the methods to value environmental attributes is hedonic pricing method. Hedonic pricing method has been extensively used to measure increases in property values due to changes in river water quality in a neighborhood [23] . Hedonic pricing method measures the price differentials that arise due to quality differences across similar goods. Hedonic pricing uses the different characteristics of a traded good, such as real estate, to estimate the value of a non-traded good, such as water or soil quality [24] . By correcting and/or controlling for other factors that would influence the value of a particular property, it is possible to isolate the hidden value of the amenity, in this case, the value of a well-sited septic system. The price of a residential property P is defined by a hedonic function:
where S i represents the structural characteristics, C i represents the community characteristics and Q i represents the environmental characteristics. Structural characteristics of a property include physical attributes such as size of the plot, age, number of rooms, etc. Other things being equal, it is expected that an additional bath or bedroom represents an extra amenity. Community characteristics include distance to the nearby urban and recreational centers, zoning status of the township and quality of the school district. Zoning protects neighborhood residents from externalities arising out of unfavorable land-use. By preventing undesirable uses, zoning is beneficial to the residents and therefore, is expected to increase the value of the property. School district performance is expected to be positively correlated with price. Environmental characteristics include presence of curtain drains and the type of soil. In a study conducted on the Muskingum River corridor, Hitzhusen et al. [25] found that presence of septic tank significantly affected the price of a property, and its contribution was $119 (in 1999 dollars). The hedonic price function for the model is represented as:
where P j is the assessed price of the jth property, S i is the vector of variables describing structural characteristics of the property, C i is the vector of community variables and Q i is the vector of environmental variables.
Results
In the initial version of the model, the variable 'soil type' was defined as a categorical variable, where each type of soil was listed as a separate category. Using this method, three of the categories entered the model, while the fourth category served as the reference. The reference variable was rotated amongst the four categories, until all possible variations of the model were run. None of the variations yielded significant results for the soil categories, except for one model where the 'onsite treatment with irrigation' soil was the reference variable and 'leach field' and 'mound systems' soils were statistically significant at the 1% level. Both the variables displayed a positive sign, indicating that properties built on soils suited for leach fields and mound systems were valued more than those built on soils suited for onsite treatment with irrigation, all else being equal. However, soils 'unsuited for onsite systems' was not a significant variable. Although the initial version did not produce results clearly proving or disproving the initial hypothesis, it established that a significant difference in the property prices existed between those that were built on soils suited for leach fields and mound systems versus soils suited for onsite systems with irrigation. This result was used to run another version of the model where the variable 'soil type' was defined as a binary instead of a categorical variable. Soils suited for leach fields and mound systems were combined and listed as 'optimal' soils. Soils suited for treatment with irrigation and those unsuited for any onsite system were combined and listed as 'sub-optimal' soils. This model yielded significant results Note: Dependent variable = natural logarithm of the assessed market value.
and will be used to draw conclusions from this study. The model explains 80.1% (adjusted R 2 ) of the variation in property values in the sample with the independent variables included in the model. Eight out of the 13 estimated coefficients are significantly different from zero at the 5% level of significance as illustrated in Table 2 .
At the 5% level of significance, the following variables are significantly different from zero and have a positive impact on the property valuation: plot size, living area, number of baths and fireplace openings, school district performance index, and type of soil. Number of rooms was significant at the 10% level. Variables having a negative impact, while being significantly different from zero at the 5% level of significance are distance to Columbus and age of the property. Variables such as zoning, presence of curtain drain, and distance to Newark and Buckeye Lake were not significant in this model.
From the authors' perspective, the key variables in this model were type of soil, presence of curtain drain and the age of the property. While the classification of soils based on their ability to treat wastewater forms the hypothesis for this study, curtain drains are relevant due to their unique role in wastewater treatment. Curtain drains are used in areas with shallow soils to avoid interaction between untreated wastewater and groundwater. Although curtain drains cause a negative externality to the society since the wastewater does not get fully treated, but merely moved across underneath the soil, some homeowners benefit from their use since the wastewater no longer remains on their property. The use of curtain drains has become popular in recent years. Of the 116 properties in the sample built in the last 10 years, 65% of them installed curtain drains. In the sample, the median age of properties using curtain drains is 11 years (S.D. = 19.32 years), as compared to 34 years (S.D. = 34.57 years) for those not using curtain drains. Therefore, it was expected that presence of curtain drains would have a positive impact on the property value. However, the variable was not significant in the model.
Most septic systems are designed to last 30 years, when used at design load (wastewater volume, nutrient loading, etc.) and with regular maintenance. However, most homeowners do not replace or repair septic systems until the systems fail completely. Septic systems may be tested at the time of transfer of property or when the county health department conducts inspections based on complaints from either the homeowner or the community. Additionally, county health departments do not keep records of the age of the septic systems. Therefore, it is difficult to assess the age or the performance of the septic systems based on secondary data. Age of the property (median age = 28 years, S.D. = 23 years) is used in this model as a proxy for the age of the septic system. The coefficient for property age is negative and significant. Since age is modeled logarithmically, its coefficient in the model represents a percentage change in the price due to a percent change in age, i.e. there is a 0.223% decrease in the property's price for every one percent increase in age, other things remaining same. The marginal implicit price of age was calculated as $1,584.3, based on the assessed market value of the average house, $208,092. Although it is difficult to parse out the contribution of the age of the septic system from the age of property, studies cited earlier in this report can be used to hypothesize that older infrastructure has a negative impact on the price. Another interesting observation from the data is that most of the newer properties are being built on soils not suited for onsite treatment. The median age and standard deviation of properties built on the different category soils is given in Table 3 .
As the prime lands in urban and suburban areas have already been used for public and private construction, newer development is spreading to rural areas with soils suited well for agriculture, but not for siting soil-based septic systems. The marginal implicit price for the type of soil was calculated to be $15,752. This means that, on average, properties sited on soils suited for leach fields or mound systems are valued $15,752 more than properties sited on soils suited for onsite systems with irrigation or soils unsuited for any onsite systems. This difference is higher than the cost of installing a mound system, but less than the cost of installing a drip irrigation system, using the estimates from the Ohio Department of Health. A recent news report about a proposed sewer project in Licking County estimates that homeowners are likely to pay $14,400 to connect to the sewer system. This analysis shows that homeowners have an incentive to adopt advanced treatment systems, and carry our regular maintenance of septic tanks.
Conclusions
The prohibitive cost of installing sewer networks in the exurban and rural areas of the country makes soil-based septic systems a suitable option, if installed and maintained properly. However, lack of information to the residents and absence of strict policy guidelines governing this issue seem to be areas of concern. Based on the study conducted in Licking County, Ohio, quality of soil used for wastewater treatment has a positive impact on the price of the property, and its contribution is $15,752 as measured in this model. This amount is more than the cost of installing a mound system, therefore, property owners may be inclined to switch to an advanced treatment system with the right information. Federal-and stateassisted programs could be used to provide relief for homeowners who wish to install drip irrigation systems in areas that are not suited for mound systems. Better wastewater treatment improves ground and surface water, which in turn, could lead to more additional benefits such as improved health in the household and increased recreation in the area. Additional research needs to be conducted to capture the full economic value of septic systems. It is hoped that a better understanding of the impacts of untreated wastewater would lead to better private and public policy decisions.
